To determine the vaccination coverage for children 12-23 months and to identify reasons for nonvaccination, we conducted a community-based survey in Al Mukalla district. Information about vaccination status and related barriers was collected for 210 children: 82% were fully vaccinated, 12% were partially vaccinated, and 5% were not vaccinated. Drop-out rate between DPT1 and DPT3 was 3.1%. Combining the evidence of vaccine cards and parent's history, the coverage for OPV1 was 94.3%, OPV3 91.4%, measles 90%, and BCG 88.1%. Reasons for not vaccinating included lack of information (54%) and existence of obstacles (35%). There is a need to raise the awareness of families about vaccination and to expand continuous outreach sessions to cover all children.
Introduction
Vaccines are one of the greatest achievements in medicine and public health, greatly reducing morbidity, mortality and health care costs. Despite spectacular recent progress, vaccination has not reached its full potential. At least 2 million people die every year from diseases preventable by vaccines recommended by the World Health Organization (WHO) [1] . Many developing countries have also seen major accomplishments in disease prevention because of the sustained use of vaccines. Yet, in order for vaccination programmes to be effective, high rates of coverage must be maintained. Even in countries like the United States of America, which have very successful programmes, coverage is often suboptimal in some geographic areas and sociodemographic groups [2] .
In response to challenges in global immunization, WHO and UNICEF developed the Global Immunization Vision and Strategy, 2006-2015 (GIVS) . One of the set goals of GIVS for any country is to reach at least 90% national vaccination coverage and at least 80% vaccination coverage in every district or equivalent administrative unit [3] . Local measurement of vaccination coverage is useful to identify pockets of low-coverage susceptible to outbreaks, and to determine special interventions needed to improve local coverage.
The Expanded Programme on Immunization (EPI) in Yemen is part of the Primary Health Care General Directorate in the Ministry of Public Health and Population. The goal of EPI is to prevent morbidity and mortality caused by diseases preventable through vaccination. The target groups are infants and women of child-bearing age. The recommended vaccination schedule includes vaccines against tuberculosis, poliomyelitis, measles, diphtheria, pertussis, hepatitis B, and diseases caused by Haemophilus influenzae. The goal of the EPI in Yemen is to achieve 90% coverage for OPV3, DPT3, and measles and to achieve 80% coverage for hepatitis B3 before the age of 12 months by the end of 2005.
The coverage of infants in 2005 in Yemen with BCG, OPV3, DPT3 and measles vaccines was 66%, 87%, 86%, and 76% respectively [4] . Epidemics of measles and poliomyelitis have occurred in recent years. In -2006 in Hadramout governorate, 7 cases of poliomyelitis occurred, 2 in Al Mukalla city district. The vaccination coverage of infants in Al Mukalla city district in 2004 was 66.5%, 108.0%, 95.9% and 96.4% for BCG, OPV3, HBV3 and measles respectively [5] .
This study was carried out to determine the vaccination coverage for children 12-23 months in Al Mukalla city district, and to identify the reasons for non-vaccination.
Methods
Al Mukalla city district, the study area, includes Al Mukalla city and 10 surrounding villages. It is the capital of Hadramout governorate, which is in the south-eastern part of Yemen. The population of the district was estimated at 186 896 in 2005 [6] . Twelve health facilities (4 mother and child health centres and 8 health units) in the district provide vaccination to children and women of childbearing age in addition to other preventive and curative health services.
The survey was conducted according to the standard method as a 30-cluster survey [7] . The sample size estimated according to this method was 210 (7 children in each cluster). For the calculation, desired precision was 10%, confidence level was 95%, design effect was 2 and expected vaccination coverage was 50%-95%.
Thirty clusters were randomly chosen from the 106 administrative divisions of the district, which were created for the purposes of the EPI national immunization days implemented in recent years, especially for Oral Polio Vaccine (OPV).
Door-to-door visits and face-to face interviews were conducted with parents or guardians of children 12-23 months old (at the time of the survey) until 7 eligible children were found for each cluster. During the household visits, we used 2 forms which were designed to obtain information from families on their children's vaccination status. Variables in Form 1 included cluster number, child's name, date of birth, sex, and type, dose and date of each vaccine. Form 2 included the reasons for any partial vaccination or non-vaccination of the child.
Data collection was done by a group of trained 3rd year medical students during the period 9 February-15 March 2006. The information about vaccination history was taken from the child's parent (or care-giver) if the vaccination card was unavailable (could not be found at the time of the interview, or lost). The interviewers were instructed and trained to get information in cases where there was no card by asking about the number of doses, route, and site of the particular vaccine. According to that information, they could judge the reliability of the vaccination history.
Epi-Info 2002 was used for data entry and analysis. To determine the vaccination status of the child, the analysis was done in steps. First we calculated the coverage with each vaccine according to the history, the information on the vaccination card and the vaccine validity. For the dose to be valid, the interval between doses had to be greater than a defined minimum and the dose had to be administered after a defined minimum age according to the standard criteria of the national EPI programme: and third doses of HBV: 28 weeks Finally, the numbers of partially and fully vaccinated children were determined according to the history, card evidence and vaccine validity.
A child was considered fully vaccinated if he/she had: 1 dose of BCG, 1 dose of measles, 3 doses of OPV (excluding OPV zero, which is given immediately after birth) and either 3 doses of DPT plus 3 doses of HBV or 3 doses of pentavalent vaccine.
A child who was not fully vaccinated but had had at least 1 dose of any vaccine was considered partially vaccinated.
The reasons for non-vaccination or partial vaccination were classified (according to the standard form) into 3 categories: lack of information, lack of motivation, and obstacle [7] .
Results
Data were collected from 210 children aged 12-23 months. All families in the selected households were cooperative and willing to answer questions about the vaccination of their children and to show available vaccination cards to the interviewers. The mean age of the children was 18 (standard deviation 3.4) months. Cards had been retained by 140 (66.7%). Combining the evidence of the cards and parents' history, vaccination coverage for OPV1, OPV3, measles1 and BCG, was 94.3%, 91.4%, 90.0% and 88.1% respectively. Coverage for children who had a card was greater than overall coverage for each vaccine (Table 1) . Table 2 shows the number of valid doses (by card evidence). Applying all 3 dose validity criteria, there were only 114 valid doses out of 139 OPV1 doses received, only 100 valid doses out of 136 OPV3 doses received, and only 99 doses were valid out of 134 measles1 doses received.
The number of fully vaccinated children was 173 (82.4%), 120 according to vaccination cards and 53 from history evidence; 26 (12.4%) children were partially vaccinated and 11 (5.2%) were not vaccinated ( Table 3) .
The drop-out rate between DPT1 and DPT3 was 3.1%, between DPT1 and measles 1 was 0.5%.
Median age at the time when given BCG, DPT1, DPT2, DPT3 and measles was 11.8 weeks, 7.4 weeks, 12.8 weeks, 18.6 weeks and 39.6 weeks respectively.
The main reasons given by the parents of the 37 children for not vaccinating or partially vaccinating them were: unaware of need for vaccination, place or time of vaccination session unknown, and place too far (Table 4 ).
Discussion
The proportion of children with vaccination cards (vaccination card retention) in this survey (66.7%) was lower than that (69.2%) in the Yemen Demographic and Mother and Child Health Survey (YDMCHS) in 1997 [8] , and higher than that in the UNICEF survey (47%) [9] . In the final YDMCHS report (1992), vaccination cards were seen by interviewers for only 40.3% of children aged 12-17 months, and for only 28.0% of those aged 18-23 months, which is lower than in this study [10] . Vaccination coverage for children in the district for different vaccines ranged from 86.7% (HBV3) to 94.3% (OPV1) for all children in the sample, and from 90.0% to 99.3% with the same antigens for children who had vaccination cards. This coverage was lower than that in studies in Ethiopia [11] and in Saudi Arabia [12] for all antigens except for the measles vaccine: 75% for the Ethiopian study and 86% for the Saudi Arabian study. However it was higher than the coverage found in YDMCHS 1992 and 1997 [8,10] , and in the UNICEF survey [9] .
In this study, 82.4% of children were fully vaccinated. This is higher than the goal set recently by GIVS for coverage at district level. It was higher than in the Ethiopian study (75.5%) [11] , the Iraqi study (60%) [13], YDMCHS 1992 [10] (45%) and 1997 [8] (28%), and the UNICEF survey (28%) [9] , but lower than in a 1991 Saudi Arabian study (91.9%) [12] .
The proportion of non-vaccinated children in this study was 5.2% compared with 37%, 12%, and 8% according to the YDMCHS 1997, YDMCHS 1992, and the Saudi Arabian study respectively [8, 10, 12] . These differences are due to the improvement of the Yemeni EPI services in recent years. Another reason for this difference is the area covered by our survey (urban) versus the areas (urban and rural) covered by the national YDMCH survey, which found that urban children were much more likely to be vaccinated than rural children (56% versus 20% in 1997, and 72% versus 39% in 1992) [8, 10] .
The coverage with valid doses of the multidose vaccines (OPV, DPT, and HBV) was in the range 82%-83% for the first dose. For the second dose it ranged from 73% to 77%, and for the valid third dose it was 74% for OPV3 and DPT3 but only 45% for HBV3. The reasons for invalid doses were giving the vaccine too early and/or shorter time interval between the subsequent doses than the recommended, and/or an invalid previous dose.
The reasons for not vaccinating the child or not completing the course of vaccination were mostly due to lack of information. This is similar to the results of an Iraqi study [13] . For children in the YDMCHS 1992, obstacles (mainly "place of vaccination is too far") were the main reasons children did not complete vaccination or were not vaccinated, however the results of the same survey showed that, for urban children, the reason cited most often by parents/caretakers was the lack of information [10]. There was a delay in receiving the BCG vaccine (median age 11.8 weeks), this was due to interrupted supply of this vaccine. This was confirmed by the EPI programme report for the same period [5] .
Only 8 children received pentavalent vaccine as it was introduced to the vaccination schedule in April 2005.
The high coverage of OPV and measles compared to the national figures was due to the effect of vaccination campaigns for these implemented during the years previous to this cluster survey.
Our results should be interpreted with caution due to the following study limitations. The sample frame used to select clusters was administrative divisions (detailed census data could not be obtained for the district), the determination of the child's age when there was no card depended on the caretaker's recall, and the assumption of correct recording in the vaccination card by vaccinators may not be true for all children.
The coverage as estimated by this survey showed a high access rate to vaccination services in most cluster areas; however the greatest number of unvaccinated children was from areas relatively far from the vaccination centres (at the periphery of the district).
In conclusion, the survey shows high coverage of children with routine vaccination, low drop-out rate, and some receiving invalid doses.
The results of the survey demonstrate the need to improve the quality of the vaccination programme, this improvement can be achieved through acceleration of the health education programme to guarantee that all families know all the necessary facts about immunization, ensuring continuous supply of vaccines, and starting outreach vaccination sessions to cover areas far from the vaccination centres.
